WHAT IS CLAIMED IS: 



10 



15 



1. A method for producing/a xenogeneic 
immunoglobulin or analog there<£f in a/ non-human animal 
host, said method comprising: 

immunizing said host with an iirfmunogen under 
conditions to stimulate an immune response to said 
immunogen, whereby said host mounts an immune response 
to said immunogen and produces B-cplls producing 
immunoglobulin specific for said immunogen, and 
isolating xenogeneic immunoglobulin produced bys aid 
host, 

wherein said host is characterized by 1) being 
substantially incapable of producing endogenous 
immunoglobulin heavy chain; (2p being substantially 
incapable of producing endogenous immunoglobulin light 
chains; and 3) being capable /of producing a xenogeneic 
immunoglobulin or analog thereof. 
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2. A method according to Claim 1, wherein said 
host is rendered substantially incapable of producing 
endogenous immunoglobuliiv/heavy and light chains by 
inactivation of at leaac a portion of said endogenous 
immunoglobulin heavy pd /light chain loci by 
homologous recombinatioi 
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3. A methocy acccMrding to Claim 2, wherein said 
inactivation is a/ result of introduction of a lesion 
into the endogenous iiipnunoglobulin Iroci. 

4. A meth|bd ^fc/dgrdingx^o Claim 1, wherein said 
analog comprisesla/vAriable region joined by a peptide 
bond to a peptide ot/her than solely the immunoglobulin 
constant region. 

5. A method/ according to Claim 1, wherein said 
xenogeneic immunoglobulin is human immunoglobulin. 
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6. A method according to Claim 1, including the 
additional step of immortalizing said B-cells. 

7. A method according to claim 1, wherein said 
host comprises B-cells comprising a functional 
immunoglobulin locus comprising a xenogeneic variable 
region and at least one human yconstant region. 
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8. A method according /to Claim 1, wherein said 
non-human host is a rodent. 



9. A method according to Claim 1, wherein said 
xenogeneic immunoglobulin /is chimeric immunoglobulin. 
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10. A method according to Claim 9, wherein said 
chimeric immunoglobulin /is mouse/human 
immmunoglobulin. / / 
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11. An immortal i/zed non-human cell line 
genetically modifi/ed so as to lack the ability to 
produce immunoglobulin endogenous to the cell line and 
comprising xenogeneic immunoglobulin loci encoding at 
least one xenogjenei^ immunoglobulin heavy chain and a 
light chain; 

wherein /said/ Xenogeneic immurya^lobulin heavy and 
light chain Aoci/ are expressed^ 
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12. Aib ifom<£rt^li^e<l cell line according to Claim 
11, wherein saidf cell line is a B cell hybridoma. 

13. An iiipiortalized cell line according to Claim 
11, wherein said non-human cell line is a murine cell 
line, and said xenogeneic immunoglobulin loci are 
human immunoglobulin loci. 
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14 . A method of making a Xenogeneic 
immunoglobulin comprising cultyuring the immortalized 
cell line of Claim 11 under Citable culture 
conditions and recovering ^tyfe /xenogeneic 
immunoglobulin . 

15. A xenogeneic/ immunoglobulin produced by the 
method according to Claim 1 or 14 . 

16. A genetically modified rvbn-human animal 
comprising a modified genome selected from the group 
consisting of: 



a genome heterozygous or 
modification that results in 
one locus to produce endogenoj 
or light chains; 



a genome heterozyg 
results in the inabi 
produce endogenous I'mm 
chains and hemizygolis 
xenogeneic immunogli* 



a genome hetero 
results in the inaJp 
produce endogenous 
chains and hemizyg 




mozygous for a 
e inability of at least 
immunog 1 obu 1 i n heavy 



a genome heterozygous br homozygous for a 
modification that results m the inability of at least 
one locus to produce endocferrqus immunoglobulin heavy 
and light chains; 



for a modification that 
at least one locus to 
lin heavy and light 
ability to produce 
&vy chains; 



for a modification that 
ty of at least one locus to 
mmunoglobulin heavy and light 
bus for the ability to produce 



xenogeneic immunoglobulin light chains; 
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a genome homozygous for a modification that 
results in the inability to produce endogenous 
immunoglobulin heavy and light chains and homozygous 
for the ability to produce xenogeneic immunoglobulin 
heavy or light chains; 
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a genome homozygyous for h modification that 
results in the inability to produce endogenous 
immunoglobulin heavy and light chains and hemizygous 
for the ability to produce Xenogeneic immunoglobulin 
heavy or light chains; 
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a genome homozygous ofr heterozygous for a 
modification that results/ in the inability of at least 
one locus to produce endogenous immunoglobulin heavy 
and light chains and henyizygous for the ability to 
produce xenogeneic immunoglobulin heavy and light 
chains ; 



20 



25 



a genome heterozygpus for a modification that 
results in the inability /of at least one locus to 
produce endogenous immunoglobulin heavy or light chain 
and hemizygous f or /a Wodif ication that results in the 
ability to produces /cejiogeneic immunoglobulin heavy and 
light chains; 
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a genome 
results in the 
immunog 1 obu 1 i n 
a modification 



)m$zygKTus fpr a modification that 
)ility t/o produce endogenous 
iavy or j/ight chain and homozygous for 
lat results in the ability to produce 



xenogeneic immunoglobulin heavy and light chains; and 
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a genome homozygous for a modificatio that 
results in the inability to produce endogenous 
immunoglobulin heavy or light chain and hemizygous for 
a modification that results in the ability to produce 
xenogeneic immunoglobulin heavy and light chains. 
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17. A non-human animal according to Claim 16, 
wherein the animal is murine. 

18, A non-human animal /according to Claim 16, 
wherein the xenogeneic immunoglobulin is human. 
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19. A non-human animal according to Claim 16, 
wherein the inability to oroduce endogenous 
immunoglobulin is a result of inactivation of at least 
a portion of the endogenous immunoglobulin loci by 
homologous recombination/ 
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20. A non-human ajhimal according to Claim 19, 
wherein at least a portion of the endogenous 
immunoglobulin light aoid heavy chain loci are replaced 
with at least one locps capable of producing 
xenogene i c immunog 1 ol 
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21. A non-hu 
wherein said inactl 
lesion in the loci 
immunoglobulin cha 



jfn afnimal according to Claim 16, 
ion comprises introduction of a 
coding said heavy and/or light 



ns, 
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22 . A /non/-h/umc 
wherein sai& yesjxSn is 
region. 



kimal according to Claim 21, 
in the constant and/ or J 



23. A no 
wherein sai 
chain loci. 



-huma/i animal according to Claim 21, 
light yfchain loci are kappa immunoglobulin 



24. A /non-human animal according to Claim 21, 
wherein said/ light chain loci are lambda 
immunoglobulin chain loci. 
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25. A transgenic murine /animal comprising a 
genome lacking the ability tcy produce endogenous 
immunoglobulin, said genome >comprising a lesion in the 
J region of the heavy chain/ immunoglobulin loci, and a 
lesion in the constant andyc^r J regions of the light 
chain immunoglobulin locj 
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26. A murine aniitf&3f ^fccording to Claim 25, 
wherein said genome fufftlWr^ comprises xenogeneic heavy 
and light chain immunoglobulin loci and said murine 
animal has the ability to/produce xenogeneic 
immunoglobulin. 
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27. A method for producing a modified non-human 
animal, said animal having a xenogeneic DNA segment of 
at least 100 kb stably integrated into the genome of 
said animal, said method comprising: 

combining under fusing /conditions yeast 
spheroplasts , said spherop lasts comprising a YAC 
having said xenogeneic DNA/segment and a marker for 
selection, with embryonic /stem cells of said animal, 
whereby said xenogeneic DNA segment becomes integrated 
into the genome of said embryonic stem cells; 

selecting for embryonic stem cells carrying said 
xenogeneic DNA segment fav means of the marker; 

transferring saijiy embryonic cells into a host 
blastocyst and implamtfing said blastocyst in a 
pseudopregnant animal/ recipient, and allowing said 
blastocyst to deyelope to term to produce a chimeric 
animal carrying /saidr Xenogeneic DNA .segment; and 

mating sai/i ch^jn^ric animal^xth an animal of the 
same species tjb pr$du£e said^Hfbdif ied animal carrying 
said xenogenej 
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28. A method according to Claim 27, wherein said 
marker is the HhRT gene and said embryonic stem cell 
is HPRT deficient. 
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29. A method according to Claim 27, wherein said 
step of mating produces heterozygous progeny and the 
heterozygous progeny are mated /to produce homozygous 
progeny . 

30. A method accordir>£j to Claim 27, wherein 
said animal is a rodent. 

31. A method according to Claim 30, wherein said 
animal is a murine ani: 



32. A method 
xenogeneic DNA is 



?oing/to Claim 27, wherein said 



Lumiln Dl 



33. A me thocK according to Claim 32, wherein said 
xenogeneic DNA is Human immunoglobulin DNA in 
substantially intafct form. 

. . j 

34. The modified animal produced by the method 
according to Claim 21 f 

35. A non-human animal heterozygous or 
homozygous for a xenogeneic genomic mammalian DNA 
segment of at least 100 kb, stably integrated in 
substantially intact forjn into the genome of said 
animal . 



36. A non-huit^n /animal according to Claim 35, 
comprising a HPRT/gej/i^ and wherein said xenogeneic DNA 
is human DNA. 

37. A non--H^HtSrT^nimal according to Claim 36, 
wherein said humari DNA/ is human immunoglobulin DNA in 
substantially in/cact/f orm« 



38. A nortH^t^man animal according to Claim 35, 
wherein said^animal is a rodent. 
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39. A non-human 
wherein said animal i 




mal according to Claim 38, 
rine animal. 



40. An embryonic stem cell /comprising a genome 
having endogenous immunoglobulin heavy chain loci, and 
immunoglobulin light chain loci/, said genome 
comprising a lesion in said endogenous immunoglobulin 
heavy chain and/or light loci/ resulting in the 
incapacity of the immunoglobulin locus comprising said 
lesion to rearrange. 
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41. An embryonic stem cell according to Claim 
40, wherein said lesion is in the J and/or constant 
regions of said endogenous immunoglobulin loci. 

42. An embryonic ^tem cell according to Claim 
40, wherein said lesion/is insertion of a xenogeneic 
sequence . 
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43. An embryonic/ stem cell according to Claim 42 
wherein said xenogeneic sequence is immunoglobulin DNA 
or a selectable mark* 
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44. An embryorai^-~s^tem cell according to Claim 
43, wherein said n^yker ismeomycin. 
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45. An efabrydnic stem cell according to Claim 
42, wherein s£a id lesiorh further comprises deletion of 
endogenous £mmunoqloi>ulin DNA. 

46. /An embifo6nic /stem cell accojpdfing to Claim 40 
wherein siid steiK cell I is homozygous for the lesion. 
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47. "An^ embryonic ^feerrtcell according to Claim 40 
wherein the lesfLon is in the heavy chain 
immunoglobulin jj region loci. 
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48. An embryonic stem cell according to Claim 40 
wherein the lesion is in the light chaii 
immunoglobulin J region loci. 
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49. An embryonic stem cell acco/rding to Claim 40 
wherein said lesion comprises replacement of at least 
a portion of the immunoglobulin light and heavy chain 
loci comprising said endogenous immunoglobulin loci 
with loci capable of producing xenogeneic 
immunoglobulin by homologous recombination. 
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50. A murine embryonic stem cell comprising 
homozygotic alleles of immunoglobulin heavy chain 
loci, said loci comprising a yesion resulting in the 
incapacity of the immunoglobi^ain loci comprising said 
lesion to rearrange. 
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51. A murine embryoni/c stem cell according to 
Claim 50, wherein said lesion is in the J region of 
said immunoglobulin heavy/trh^in loci. 
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52. A murine ejnbrvfonic /stem cell comprising 
homozygotic alleles? of Immunoglobulin light chain 
loci, said loci comprising a lesion resulting in the 
incapacity of the immvjfocj^l^pbulin loci comprising said 
lesion to rearrange. 
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53. A mi/rine ^jfnbryorjic stem celj^according to 
Claim 52, wheirein y6#id leslion is the constant 
and/or J regi/ons/ol/ said ixftmuflrtfglobulin light chain 
loci . 
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54. A murine embryonic stem cell of a murine 
host said stem cell comprising a genome /Having 
immunoglobulin loci comprising J regions, said stem 
cell comprising a lesion in at least gfne of the J 
regions of the immunoglobulin locus Resulting in the 
incapacity of said immunoglobulin locus to rearrange, 
said embryonic stem cell produced W the method 
comprising introducing homologous A)NA into a murine 
stem cell in culture, wherein saLa homologous DNA 
comprises a region homologous wiych the J region of an 
immunoglobulin locus and a marker gene for insertion 
into said locus; and selecting/for embryonic stem 
cells having undergone homologous recombination with 
said homologous DNA. 

55. A murine embryoniyfc stem cell according to 
Claim 54 wherein said marker is the neomycin gene. 
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56. A murine embryoyhic stem cell according to 
Claim 54 wherein said le$>OTT>vis in at least one of the 
J regions of an endogep^us hec\vy chain immunoglobulin 
locus; 



25 



30 



57. A muring em] 
least 100 kb of 3$fenogi 



/ryonic stem cell comprising at 
leic DNA. 



58. A mur* 
Claim 57, where/ 
immunoglobulin 
DNA. 



.ne 



n 



ibr^onic stem ce>T according to 
iid ienogeneig^DNA is 
andVor^id^ght chain immunoglobulin 



35 



59. A muring embryonic stem cell according to 
Claim 58, whereirf said xenogeneic DNA is human 
immunoglobulin DNA in substantially intact form. 
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60. A method for modifying a gen©me of a 
recipient murine embryonic stem cell l&y homologous 
recombination with a large xenogeneic DNA genomic 
fragment previously manipulated in a yeast artificial 
chromosome (YAC) , the improvement Which comprises: 

introducing at least one YAC Anto said murine 
embryonic stem cell by spheroplasfc fusion, and 
selecting recipient cells comprising said genomic 
fragment, wherein said YAC comprises a mammalian 
selectable or screenable gene, ywherein said YAC is 
faithfully transmitted through/ the host germline, and 
said xenogeneic DNA fragment /s transmitted in 
substantially intact form. 
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61. A method according to Claim 60, wherein said 
selectable or screenable gene is HPRT and the 
recipient cells are selected with HAT medium and are 
negative for HPRT. 
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62. A method according to Claim 60, wherein said 
selectable or screenable gene is a HPRT minigene. 
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63. A method accdrdfing to Claim 60 wherein said 
selectable or scre^naraLe jgene is cDNA encoding a gene 
selected from the/group consisting of neomycin, 



hygromycin, HPR2 



>T and jSgal, 
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64. A me-thod/^Jbcording^to Claim 60, wherein said 
YAC comprises /at /lej^gt _KfO kb of a human 
immunoglobulinV-l5NA /locus in substantially intact form. 
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65. A modified YAC according to Claim 64, 
further comprising a mammalian selectable or 
screenable markc 

66. A modified YAC according to Claim 65, 
wherein the selectable marker is HPRT. 
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67 . A murine embryonic 
genome modified according to 




Jem cell comprising a 
?thod of Claim 60, 



xenc 



A muri/ne animal heterozygous for a 
^ ^ ixc unr^ar^erfl^ed mammalian DNA segment of at 
least 100 kb stably/integrated into the genome of said 
murine animal . C^l 



69 . A murine anima 
comprising a xenogeneic 
segment is human immuna 




prding to Claim 68 
T/gene and wherein said DNA 
>ulin. 



70. A human antibody molecule characterized by; 
, comprising the protein sequences of the human 
immunoglobulin heavy and lignt chains; 
specificity for an immmnogen; and 
having other than human gwcosylation. 



20 



71. A human antibody molecule according to Claim 
70, wherein said antibodyr is monoclonal. 
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72. A method for producing a genetically 
modified non-human aniirnal, comprising interbreeding a 
first parent and a secind parent, and recovering the 
progeny thereof, wherean the [parents and progeny are 
selected from the giropp consisting of: 
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first and ssicond parents heterozygous for a 
genome modified /to bfe incapable outproducing 
endogenous immunogl^bulJin ligljfe'chain, and progeny 
homozygous for/ said^odyifi^a genome, 
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first an^jaffecfcnd parents heterozygous for a 
genome modified tA be incapable of producing an 
endogenous immunoglobulin heavy chain, and progeny 
homozygous for said modified genome; 




a first parent heterozygous tor a genome 
modified to be incapable of producing an endogenous 
immunoglobulin light chain, a second parent 
heterozygous for a genome modified to be incapable of 
producing an endogenous immunogAobulin heavy chain and 
progeny heterozygous for said modified genome so as to 
be incapable of producing endogenous immunoglobulin 
heavy and light chains; 
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first and second parents heterozygous for a 
genome modified to be incapable of producing 
endogenous immunoglobuin light and heavy chains, and 
progeny homozygous for said modified genome; 
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a first parent hemAzgyous for a genome modified 
to be capable of producing xenogeneic immunoglobulin 
heavy chain, a second /parent heterozygous for a genome 
modified to be incapable of producing endogenous 
immunoglobulin light/and heavy chains, and progeny 
heterozygous for said modified genome so as to be 
incapable of produdii^f endogenous immunoglobulin light 
and heavy chains^ and hemizygous for a modified genome 
so as to be capable or producing xenogeneic 
immunoglobulin haavy chain; 

first emd sjkcond parents heterozygous for a 
genome modified fbd be incapable of producing 
endogenous /immunogllobul in light and heavy chains and 
hemizygousl toy la genome modjjrfed to be capable of 
producing xenogenei^>-4rmTrttm heavy chain, and 

progeny 1) homozygous for said modified genome and 2) 
homozygous for said modification of being incapable of 
producing endogenous immunoglobulin light and heavy 
chains and aZLso hemizygous for the modification of 
being capable of producing xenogeneic immunoglobulin 
heavy chains 
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a first parent hemizygous for a gfinome modified 
to be capable of producing xenogeneic /immunoglobulin 
light chain, a second parent heterozygous for a genome 
modified to be incapable of producing immunoglobulin 
heavy and light chains, and progeny heterozygous for 
said genome modified to be incapable of producing 
endogenous immunoglobulin light and heavy chains and 
hemizygous for said genome modified to be capable of 
producing xenogeneic immunoglobulin light chain; 

first and second parents/ heterozygous for a 
genome modified to be incapable of producing 
endogenous immunoglobulin Light and heavy chains and 
hemizygous for a genome modified to be capable of 
producing xenogeneic immunoglobulin light chain, and 
progeny 1) homozygous for said modified genome and 2) 
homozygous for said modification of being incapable of 
producing endogenous immunoglobulin light and heavy 
chains and also hemizygous for the modification of 
being capable of prodi/cing xenogeneic immunoglobulin 
light chain; 
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a first parent/hete^ozygous for a genome modified 
to be incapable or /producing endogenous immunoglobulin 
light and heavy /chains and hemizygous for xenogeneic 
immunoglobuliryheav^\ chain, a second parent 



heterozygous /tor 
producing enaog^ioug 



genome modified to be incapable of 
immunoglobulin light and heavy 
chains and frem/£ygoils for the modification of being 
capable of /pp6ducing xenogeneic immunogobulin light 
chain, and progeny homo^ygdus and heterozygous for 
said genome modified to be incapable of producing 
endogenous immunoglobulin light and heavy chains and 
hemizygous for the modification of being capable of 
producing xenogeneic immunoglobulin light and heavy 
chains , 
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first and second parents heterozygous for a 
genome modified to be incapable of producing 
endogenous immunoglobulin light and heavy chains and 
hemizgyous for a genome modified to be capable of 
producing xenogeneic immunoglobulin /light and heavy 
chains, and progeny 1) homozygous ror said modified 
genome, and 2) homozygous for a genome modified to be 
incapable of producing endogenous immunoglobulin heavy 
and light chains and hemizygyous for a genome modified 
to be capable of producing xenogeneic immunoglobulin 
light and heavy chains; 



15 



first and second parentfe homozygous for a genome 
modified to be incapable ofr producing endogenous 
immunoglobulin light and heavy chains and hemizygous 
for a genome modified to be capable of producing 
xenogeneic immunoglobulin light and heavy chains, and 
progeny homozygous foresaid modified genome; 
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25 



a first paren 
to be incapable 
heavy chain, a s^co 
modified to be yfcap^ 
immunoglobulin/ li* 
heterozygous 
producing endd$en6us 



erozygous for a genome modified 
pr/bducing endogenous immunoglobulin 
parent hemizygyous for a genome 
lie of producing xenogeneic 
and heavy chains"', and progeny 
ge lome modif^eti to be incapable of 
obulin heavy chain and 



hemizygyous for 
producing xenogc 
chains ; 



genome modified to be capable of 
leic immunoglobulin light and heavy 
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first and second parents heterozygous for a 
genome modified to be incapable of producing 
endogenous immunoglobulin heavy chair/ and hemizygous 
for a genome modified to be capable pi producing 
xenogeneic immunglobulin light and heavy chains, and 
progeny 1) homozygous for said modified genome and 2) 
homozygous for a genome modified yo be incapable of 
producing endogenous immunoglobulin heavy chain and 
hemizygous for a genome modified/ to be capable of 
producing xenogeneic immunoglobulin light and heavy 
chains ; 
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a first parent heterozygous for a genome modified 
to be incapable of producing /endogenous immunoglobulin 
light chain, a second parent? hemizygyous for a genome 
modified to be capable of producing xenogeneic 
immunoglobulin light and haavy chains, and progeny 
heterozygous for a genome /nodif ied to be incapable of 
producing endogenous imrotmoglobulin light chain and 
hemizygyous for a genojne /modified to be capable of 
producing xenogeneic yxmiryunoglboulin light and heavy 
chain; and 
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first and se 
genome modified t 
endogenous immunqgl 
for a genome mod 



nd #arfents heterozygous for a 
incapable of prociticlng 
ilii light ch^in and hemizgyous 
to\be capable of producing 
xenogeneic immunoglobulin light and heavy chains, and 
progeny 1) homozygous for said modified genome, and 2) 
homozygous for a g&nome modified to be incapable of 
producing endogenous immunoglobulin light chain and 
hemizygous for a jgenome modified to be capable of 
producing xenogeneic immunoglobulin light and heavy 
chains. 
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73. A method according to craim 72, wherein said 
modification of a genome so as t<S be incapable of 
producing endogenous immunoglobulin light and/or heavy 
chain is inactivation of the ^dogenous immunoglobulin 
loci as a result of homologdjqfe' recombination, 



74. A method according to Claim 73 wherein said 
inactivation is a result off introduction of a lesion 
into the endogenous immunoglobulin loci. 



75, 



The genetically ibodif ied non-human animal 



produced by the method according to Claim 72. 

76. The animal according^ to Claim 75, wherein 
the animal is a rodent. 



77. The animal 
animal is a murine anima 

78. The animal a 
the xenogeneic immuno 




to Claim 7 6 wherein the 



to Claim 75, wherein 
in is human immunoglobulin. 




